In this work we derive an upper bound on the radion mass by imposing the unitarity condition on the tree level amplitude for the process W where φ is the radion vev. Interestingly this bound on m φ is independent of the higgs mass.
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Here T µ µ is the trace of the symmetric and conserved energy momemtum tensor for the SM fields on the visible brane. It is known that on the classical path T µ µ should vanish in the conformal limit. In the SM the vev of the higgs field gives mass to the weak gauge bosons and the fermions and breaks the conformal symmetry. This gives rise to non-trivial couplings of the radion to the SM fields even at the tree level where all beta functions are zero.
In this paper we wish to explore the possible violations of tree level unitarity that could occur in the process W w . In keeping with the spirit of S matrix approach we shall perform all calculations in the unitary gauge where the physical interpretation of T µ µ is transparent. Further we shall consider longitidinally polarized incoming weak bosons since they give rise to transition amplitudes with stronger divergences at high energies than the transversely polarized states. In order to find the transition amplitude for the process W + L W − L → hφ we need the energy momentum tensor of the higgs and W boson system. It must be noted that at tree level conformal symmetry is broken not only by the mass terms for the SM fields but also by interaction terms of operator dimension 3. The electroweak Lagrangian in the unitary gauge has two such terms
Including the contrbution of the above Lagrangian to T µ µ for the h-W system we get
Using the classical eqns of motion for h and W µ we then get
and M 4 be the transition amplitudes for the s channel higgs exchange, t channel W exchange, u channel W exchange and contact interaction diagrams respectively. We then find that
(5b)
and
In the above k 1 , k 2 are the momenta of the incoming
are the momenta of the outgoing h and φ. e 1 (k 1 ) and e 2 (k 2 ) are the polarization vectors of the longitudinally polarized incoming
Our analysis of unitarity violation will center on the helicity amplitude technique. In particular following Lee, Quigg and Thacker [3] we shall concentrate on the J=0 partial wave amplitude. We shall retain only those terms in the transition amplitude that constitute a potential threat to unitarity. Thus for our purpose terms that are of electromagnetic strength at all energies (except very close to the particle poles) or logarithmic violations of unitarity at exponentially large energies (m w e 1 α ) are of no consequence. Let us now consider the inetrplay of different Feynman diagrams in the cancellation of high energy divergences. We can classify [3] (4) is crucial for the cancellation of bad high energy divergences. With the vanishing of bad high energy divergences we are then left with B terms which have acceptable asymptotic behavior but are not necessarily small. In fact we shall see that for large enough m φ the residual B terms could lead to unitarity violation.
High energy behavior of the transition amplitudes We shall now derive the asymptotic behavior of the individual amplitudes in the high energy limit i.e when s ≫ m 
It is easy to see from the above expressions that the leading high energy divergence proportional to s cancel among M 1 , M 2 , M 3 and M 4 . The partial wave amplitude corresponding to J=0 is then given by
. Note that i) a 0 is independent of m h up to the next to leading order terms that we have retained in our calculation. ii) The term proportional to ln s m 2 w could give rise to unitarity violation at exponentially high energies (≈ m w e 4π e 2 ) where e is the electromagnetic coupling. However such extremely high energies are uninteresting from the point of view of collider physics since they cannot be reached at any forseeable future.
Results and Discussions
It is clear from the expression of a 0 that although it has acceptable high energy behavior, it is not necessarily small. In fact it grows quadratically with m φ and can violate unitarity for sufficiently large values of it violates perturbative unitarity. The striking feature of this bound is that it is independent of m h . The expression for a 0 also contains terms that diverge logarithmically with energy. However such terms can be safely ignored at energies of the order of a few tens of Tev.
